In this paper, we derive the period-luminosity (PL) relation for Galactic Cepheids with recent independent distance measurements from open cluster, Barnes-Evans surface brightness, interferometry and HST astrometry techniques. Our PL relation confirms the results of Tammann et al. (2003), which showed that the Galactic Cepheids follow a different PL relation to their LMC counterparts. Our results also show that the slope of the Galactic PL relation is inconsistent with the LMC slope with more than 95% confidence level. We apply this Galactic PL relation to find the distance to NGC 4258. Our result of µ o = 29.49 ± 0.06(random error)mag. agrees at the ∼ 1.4σ level with the geometrical distance of µ geo = 29.28 ± 0.15mag. from water maser measurements.
INTRODUCTION
Recently, Tammann et al. (2003, hereafter T03) derived the Galactic PL relation by combining the Galactic Cepheids with independent distance measurements from open clusters/associations (Feast 1999) and from the Barnes-Evans (BE) surface brightness techniques (Gieren et al. 1998) . The resulting Galactic PL relations in T03 are steeper than the LMC PL relations commonly applied in distance scale applications (as in, e.g., Freedman et al. 2001) . Similar conclusions are also reported in Fouqué et al. (2003) .
The need to use the Galactic PL relation as a fundamental calibrating relation has become more desirable in recent years (Feast 2003; Fouqué et al. 2003; Kanbur et al. 2003; Tammann et al. 2003; Thim et al. 2003) , because of the following two main reasons: (a) The average value of metallicity (defined as 12 + log[O/H]) in target galaxies of the H0 Key Project is ∼ 8.84 ± 0.31dex (Freedman et al. 2001) , which is closer to the standard Solar value of 8.87 ± 0.07dex (Grevesse et al. 1996) than the LMC value of 8.50 ± 0.08dex (see reference in Ferrarese et al. 2000) ; and (b) There is evidence that the LMC PL relation is broken at 10 days (Tammann et al. 2002; Kanbur & Ngeow 2004) , i.e., the short (< 10 days) and long period Cepheids in the LMC follow different PL relations. Due to these reasons, the calibrated Galactic PL relation will become important in future distance scale studies.
In this paper, we derive the Galactic PL relation from Cepheids with independent distance measurements. Our ⋆ E-mail: ngeow@nova.astro.umass.edu analysis of the Galactic PL relation is similar to T03 but different in the following aspects:
(i) In addition to the Cepheids from Feast (1999) and Gieren et al. (1998) that are used in T03, we include other recent distance measurements to Galactic Cepheids that are available in the literature (see Section 2). These include 11 additional Cepheids that are not included in T03.
(ii) As most of the Cepheids we considered here have more than one independent distance measurement, we took the standard weighted-mean of the available distances as the final adopted distance to derive the PL relation.
GALACTIC CEPHEIDS WITH INDEPENDENT DISTANCE MEASUREMENT
We collected the Galactic Cepheids with recent distance measurements from the literature, which include:
(i) Distances from Open Cluster techniques: These distances are adopted from table 3 of T03, where the authors adopted a distance modulus for the Pleiades of µ P leiades = 5.61 ± 0.03mag. (Stello & Nissen 2001) . Feast (1999) estimated that the uncertainty associated with cluster distance moduli is ∼ 0.15-0.20mag. (see, e.g., Romeo et al. 1989 ), hence we assign an uncertainty of 0.20mag. to the open cluster distance moduli (µo[O.C.]) in Table 1 . This error could incorporate the uncertainty due to the location of the Cepheid in the cluster (far-side vs. near-side), the uncertainty due to metallicity corrections from cluster to cluster, etc. (see also Turner & Burke 2002) . In addition, we also include other open cluster distances from Turner & Burke (2002) and Hoyle et al. (2003) in Table 1 . Since these additional open cluster distances are based on µ P leiades = 5.56mag., we add a correction of +0.05mag to these distances 1 in Table 1 to be consistent with the T03 open cluster distances. However, it is unclear whether the distances given in Feast (1999, where the T03 adopted distances originate) and in Turner & Burke (2002) are totally independent to each other or not, since some of them were adopted from the same sources. For example, the open cluster distances for CV MON in Feast (1999) and Turner & Burke (2002) are all adopted from Turner et al. (1998) . We have labelled the Turner & Burke (2002) distances that are dubious in this dependency regard in Table 1 , and excluded them in obtaining the weighted-mean distances. For GT CAR, CG CAS and TV CMa in Turner & Burke (2002) , which are not included in Feast (1999) , there is no I band data available in the literature. We exclude them in order to have a consistent number of Cepheids in B, V and I bands.
(ii) Distances from BE surface brightness techniques: We adopt these distances from Fouqué et al. (2003) , which is an updated version of Gieren et al. (1998) , with additional Cepheids that are not included in Gieren et al. (1998) . Fouqué (2003, private communication) has verified that the the distances from Gieren et al. (1998) and Fouqué et al. (2003) are not independent of each other, as the distances from the later paper use the latest available data to update the distances in Gieren et al. (1998) . The exception is CS VEL, where we include the distance from Gieren et al. (1998) since there is no distance given to this Cepheid in Fouqué et al. (2003) . Note that T03 only included the distances from Gieren et al. (1998) but not from Fouqué et al. (2003) . We also include the latest distance measurements using BE techniques from Barnes et al. (2003) , who used a Bayesian statistical approach in their analysis.
(iii) Distances from interferometry techniques: These distances are adopted from Lane et al. (2002) , Nordgren et al. (2002) and Kervella et al. (2003) . Note that for distances in Kervella et al. (2003), we did not use the direct distance measurements for the four Cepheids (η AQL, W SGR, β DOR & l CAR) because the errors are asymmetric and large (except for l CAR). Instead we adopt the distances from their table 12. These are obtained from combining the interferometry data and the empirical Period-Radius relations from Gieren et al. (1998) .
(iv) Distance from HST astrometry techniques: Currently there is only one Cepheid with a distance measurement from astrometry using the Hubble Space Telescope: δ CEP from Benedict et al. (2002) .
The selected Galactic Cepheids and the corresponding distances from these sources are summarized in Table 1 . Since these distances are from independent measurements, we can take the weighted-mean among the available distances (i.e. column 2, 3, 5 & 6 in Table 1 ). Note that T03 only uses the distance moduli in column 2 & 4 of Table 1 in their paper. We did not include the distances from Hipparcos because the errors in the distance moduli, after conversion from parallax, are large (see, e.g., Madore & Freedman 1998) .
In this work, we exclude all the possible nonfundamental mode Cepheids and those not classified as "DCEP" in the General Catalogue of Variable Stars (GCVS, Kholopov et al. 1998) . Some of them are mentioned in T03, and include: EV SCT, V1726 CYG, SZ TAU, QZ NOR, α UMi and V367 SCT. We further exclude EU TAU from Barnes et al. (2003) because it is a first-overtone Cepheid. Note that LS PUP is not classified as "DCEP" in the GCVS. We also exclude this Cepheid though it is included in the T03 sample. For Cepheids in Turner & Burke (2002) and Kervella et al. (2003) , we did not include the Cepheids that are classified as "DCEPS" in the GCVS, which includes SU CAS, GH CAR and Y OPH. The additional Cepheids included in our sample but not in T03 are labelled in Table  1 .
In principle the number of Cepheids can be increased if we include the first overtone (FO) Galactic Cepheids in our sample, by using their fundamental mode periods in obtaining the PL relation. However, we prefer not to include the FO Cepheids due to the following reasons: (a) we want to avoid the contaminations from other types of Cepheids and select only the bona fide fundamental mode Cepheids; (b) we want to be consistent with T03, who excluded the nonfundamental mode Cepheids in their study; (c) the physics involved in fundamental mode and FO Cepheids is not the same (see, e.g., Antonello 1994; Antonello & Aikawa 1995; Bono et al. 1999a; Feuchtinger et al. 2000; Bono et al. 2002) and (d) the results of microlensing surveys to the Magellanic Clouds suggest that the FO Cepheids follow their own PL relations (see, e.g., Udalski et al. 1999 ). The theoretical studies from Bono et al. (1999b) and Baraffe & Alibert (2001) also suggest that the FO Cepheids follow different PL relations. Nevertheless, we list the FO Cepheids (classified as "DCEPS" in the GCVS) with recent distance measurements in Table 2 for completeness. Note that although BD CAS has been updated to "DCEPS" by Poretti (1994) , there is no I band data available for this Cepheid in the literature. We therefore exclude BD CAS in Table 2 .
THE PERIOD-LUMINOSITY RELATION
The values of log(P ), (B − V )o color, E(B − V ) 2 , and the mean B, V and I band 3 magnitudes for the Cepheids in Table 1 are all taken from T03. The absorption-to-reddening coefficient, R, for individual Cepheids is derived using the prescription given in Turner & Burke (2002) , adjusted to µ P leiades = 5.61mag. by adding +0.05mag.; µo(G98) = BE distance from Gieren et al. (1998) ; µo(F 03) = BE distance from Fouqué et al. (2003) ; µo(other) = distance from other sources; µo(w.m.) = the weighted-mean distance for the entries in column 2, 3, 5 & 6, when available. Excepts for CS VEL, which we include the µo(G98) in obtaining the weighted-mean.
b Distance measurements from interferometry: η AQL & ζ GEM are from Lane et al. (2002) , and δ CEP is from Nordgren et al. (2002) .
c BE distance measurements from Barnes et al. (2003) , who use a Bayesian approach in their analysis. h These distance moduli are not used in both Gieren et al. (1998) and T03 as they appear to be outliers in the PL plots. b These distances are not included in calculating the weighted-mean distances, since it is unclear whether these distances are independent to the distances given in Feast (1999) 
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or T03.
c This distance is adopted from Feast (1999) , adjusting to µ P leiades = 5.61mag. by adding +0.04mag.
absolute magnitudes for the 50 Cepheids in Table 1 can be calculated by adopting the weighted-mean distance moduli, as given in the last column of Table 1 , and then fitted with least-square regressions to obtain the PL relation. The plots of the fitted Galactic PL relations are presented as solid lines in Figure 1 , with the following expressions: The error bars in Figure 1 are obtained from the quadrature sum of the error estimates of distance modulus (given in the last column of Table 1 ), extinction (adopted from Fernie et al. (1995) database 5 ) and mean magnitudes. We assign a conservative error of 0.05mag. to the mean magnitudes. This is reasonable because the mean magnitudes are derived from accurate and reliable light curves (Berdnikov et al. 2000) .
The effect of FO Cepheids
In this section we investigate the effect of including the Galactic PL relations if we include the FO Cepheids that are listed in Table 2 , as suggested by anonymous referee. The fundamental mode periods and the mean magnitudes in B, V and I band for these Cepheids are taken from Berdnikov et al. (2000) . The color excess for these Cepheids are calculated via the prescription given in T03: E(B − V ) = 0.951E(B − V )F , where E(B − V )F is taken from Fernie et al. (1995) . By comparing these PL relations to equations (1)- (3), we see that including the FO Cepheids does not significantly alter or improve the PL relations. However, the dispersions of the PL relations (σ) have become larger than the PL relations without FO Cepheids. This is mainly due to the one outlier, GH CAR (with log(Po) ∼ 0.91), as shown in Figure 1 . After removing this Cepheid, the dispersions of the PL relations become comparable to those given in equations (1)-(3). Even though the PL relations with the FO Cepheids are almost identical to the PL relations without FO Cepheids, we prefer the solutions given in equations (1)- (3) to be the calibrated Galactic PL relations, as we have argued in Section 2.
The effect of open cluster distances from Turner & Burke 2002
Since it is unclear whether some of the open cluster distances given in Turner & Burke (2002) are totally independent of the distances given in Feast (1999) or not, we examine the changes of PL relations if we either exclude all open cluster distances from Turner & Burke (2002) or assume that these distances are totally independent of Feast (1999) , and include them in obtaining the weighted-mean distances. Recall that equations (1)- (3) For the latter case where we include all the open cluster distances from Turner & Burke (2002) , the fitted PL relations for the 50 Cepheids in Table 1 become: MB = −2.619(±0.107) log(P ) − 0.656(±0.123), σ = 0.249 MV = −3.024(±0.097) log(P ) − 0.977(±0.111), σ = 0.225 MI = −3.328(±0.098) log(P ) − 1.432(±0.108), σ = 0.217 Therefore, the exclusion or inclusion of Turner & Burke (2002) distances produces almost identical PL relations. These PL relations also agree and are consistent with equations (1)-(3). However, there are some open cluster distances that are not included in Feast (1999) or T03 (e.g. for Cepheid AQ PUP), and there are certain cases where we have confidence to believe that the distances given in Turner & Burke (2002) and Feast (1999) are independent (e.g. for Cepheids CEa, CEb and CF CAS). Hence we continue to adopt equations (1)-(3) as the calibrated Galactic PL relations.
COMPARISON TO PUBLISHED RESULTS
Comparison to other Galactic PL relations
We selected recent empirical PL relations from the literature that give both V and I band PL relations to be compared with our results, because the PL relations in these two bands are extensively used in extragalactic distance scale studies (e.g., Freedman et al. 2001 ). For example, we exclude the PL relations from Barnes et al. (2003) or Hoyle et al. (2003) because they did not give the I band PL relations in their papers. The selected PL relations, along with our results, are given in Table 3 . These include the Galactic PL relations derived by Gieren et al. (1998, GAL-G98) , Fouqué et al. (2003, GAL-F03) and Tammann et al. (2003, GAL-T03) . We exclude the Hipparcos-based Galactic PL relations because these PL relations adopted the slopes from LMC PL relations, and calibrated the zero-points with Hipparcos data (as those used in, e.g., Lanoix et al. 1999 and Paturel et al. 2002) . From the table, it can be seen that our results are consistent with the GAL-G98 and GAL-F03 PL relation. However there is some discrepancy between our results and GAL-T03. In this situation, we can use the t-statistical test (see, e.g., Zwillinger & Kokoska 2000) to assess the significance of the difference in slopes under the null hypothesis that the slopes are the same. The results show that the p-value for the V and I band slopes are 0.15 and 0.27, respectively. Hence the null hypothesis cannot be ruled out at the 95% confidence level, and our results are also consistent with the GAL-T03 PL relation.
The small discrepancy of the PL slopes between our results and T03 is mainly due to the inclusion of additional distance measurements in this work (see Section 2 for details). If we take the arithmetic, unweighted-mean of the 39 Cepheids with µo(O.C.) and µo(G98) in Table 1 (as these distance moduli are used in T03), the slopes of the fitted PL relations become steeper: aB = −2.750 ± 0.123, aV = −3.130 ± 0.110 and aI = −3.402 ± 0.106, which agree with the results of T03. However, by taking the weightedmean distances for these 39 Cepheids, the PL slopes become shallower but still consistent with T03: aB = −2.721±0.125, aV = −3.102 ± 0.112 and aI = −3.373 ± 0.109. Thus the different between our results and T03 is due to the inclusion of additional distance measurements in our study.
For completeness, we also include the recent theoretical PL relations in Table 3 from Baraffe & Alibert (2001, GAL-Theory1) and Fiorentino et al. (2002, GAL-Theory2 & GAL-Theory3) by adopting Z = 0.02. From the table, our empirical PL relations fairly agree with the theoretical PL relations from Baraffe & Alibert (2001) . However, none of the empirical PL relations given in Table 3 agree with the GAL-Theory2 and GAL-Theory3.
Comparison to LMC PL relation
Since the PL relation is shown to be different in the LMC and Galaxy by T03 (also in Fouqué et al. 2003 and Kanbur et al. 2003) , we verify this result by comparing our Galactic PL relation to the LMC counterpart, as given in Freedman et al. (2001) . For our Galactic PL relation, the difference in the V and I band slopes is: ∆aV = 0.239±0.102 and ∆aI = 0.341 ± 0.096, which are 2.3σ and 3.6σ results, respectively. We also apply the t-statistical test to test for the equality in the slopes of the Galactic and LMC PL relation. The results show that the slopes in the Galactic and LMC PL relation are inconsistent at more than a 95% confidence level, with p-value of 0.017 and 0.001 for the V and I band slopes, respectively. Therefore, Cepheids in the Galaxy and the LMC do follow different PL relations, and hence the Cepheid PL relation is not universal. Fiorentino et al. (2002) , with Y = 0.31 and Z = 0.02; [7] 
THE DISTANCE TO NGC 4258
The Galactic PL relation presented in the previous section can be used to find the distance to NGC 4258, because the metallicity in this galaxy is 8.85 ± 0.06dex (see reference in Newman et al. 2001) , which is closer to the Solar value. Furthermore, there is an accurate geometrical distance measurement to NGC 4258 using the water maser in the inner disk of this galaxy (Herrnstein et al. 1999) . The measured geometrical distance is 7.2 ± 0.5M pc, corresponding to µgeo = 29.28 ± 0.15mag.
There are 15 Cepheids discovered with HST observations by Newman et al. (2001) , where we adopted the periods and the mean V and I band magnitudes (from ALLFRAME photometry) for these Cepheids. The distance modulus to NGC 4258 can be obtained using the prescription given by Kanbur et al. (2003) . We did not include the metallicity correction because it is small (Kanbur et al. 2003) . The results are given in Table 4 , using the different PL relations in Table 3 . This shows that the distance to NGC 4258 is consistent with these different empirical Galactic PL relations. However, the distance modulus of 29.49mag. (from the PL relations given in equations [2] & [3]), and the median distance modulus of 29.46mag. (from the four empirical Galactic PL relations) is still ∼ 1.4σ and ∼ 1.2σ, respectively, away from the water maser distance 6 . Furthermore, all the theoretical PL relations in Table 3 give a further and inconsistent distance modulus as compared to the distance moduli obtained from empirical PL relations (see, however, Caputo et al. 2002 for a way to resolve this discrepancy). This could be due, in part, to the small number of Cepheids discovered in NGC 4258 (Newman et al. 2001) . The on-going Cycle 12 HST observations of NGC 4258 (Program ID: 9810; P.I.: L. Greenhill) that proposed to discover ∼ 100 Cepheids in this galaxy would help to solve the discrepancy between the Cepheid distance and water maser distance. The errors are random error only. The systematic error is about 0.15mag (Newman et al. 2001) .
b The metallicity correction using the LMC PL relation to this galaxy is δz = +0.07mag. (Freedman et al. 2001; Newman et al. 2001) . Then the metallicity-corrected distance modulus becomes 29.51 ± 0.06mag.
CONCLUSION
By using the recent independent distance measurements to 50 Galactic Cepheids, we derive a Galactic PL relation in the B, V and I bands. Our analysis differs from that in T03 due to the following aspects: (a) we include other recent independent distance measurements; and (b) we took the weightedmean to the available distances. The results confirm that the Galactic PL relations are steeper than the LMC counterparts (Fouqué et al. 2003; Tammann et al. 2003) . However, the steepness of the Galactic PL relation is still inconclusive (either as steep as in T03 or as shallow as in this study) because of the small number (∼ 50) of Cepheids in the sample. Application of the Galactic PL relation from equation (2) & (3) to determine the distance to NGC 4258 shows that there is still a ∼ 1.4σ discrepancy in distance with the water maser measurements. The Galactic PL relation can be improved if there are more independent distance measurements to Galactic Cepheids in the future, such as the Cycle 12 HST observations of the nearby Cepheids with astrometric measurements (10 Cepheids from Program 9879, with P.I.: G. F. Benedict, where 3 of them are not included in 
